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Abstract. The paper presents the results of the examinations of PM-10 particles from ambient air at the 
archeological site Stobi, in the period of June 2020. The results obtained by applying the SEM-EDS method 
indicate the presence of the mineral gypsum/anhydrite in morphological forms that are very similar to the 
gypsum present in the landfill for waste phosphorous gypsum in the vicinity of the village Zgropolci (HIV-
Veles). 
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ВЛИЈАНИЕ НА ГИПСОТ ОД ДЕПОНИЈАТА ЗГРОПОЛЦИ (ХЕМИСКА 
ИНДУСТРИЈА-ХИВ-ВЕЛЕС) ВРЗ СКУЛПТУРИТЕ ОД АРХЕОЛОШКИОТ 
ЛОКАЛИТЕТ СТОБИ, СЕВЕРНА МАКЕДОНИЈА 
Митко Јанчев1, Иван Боев1 
 
1Факултет за природни и технички науки, Универзитет „Гоце Делчев“, Штип 
mitko.31315@ugd.edu.mk, ivan.boev@ugd.edu.mk 
 
Апстракт. Во трудот се прикажани резултатите од испитувањата на ПМ-10 честичките од 
амбиенталниот воздух на археолошкиот локалитет Стоби, во периодот  на месец јуни 2020 година. 
Добиените резултати со примена на методата СЕМ-ЕДС укажуваат присуство на минералот 
гипс/анхидрит во морфолошки облици кои се многу слични со гипсот кој е присутен во депонијата за 
отпаден фосфорен гипс во околината на селото Згрополци (Хив Велес).  
 




The sculptures made of marble and limestone have a special place in the archeological site 
Stobi; from this aspect their protection has special importance. The archeological site Stobi is located 
in the Republic of North Macedonia (Fig. 1) near Gradsko, next to the highway Skopje-Thessaloniki. 
The archeological site dates back to Roman times and is very rich in important cultural and historical 
monuments represented by sculptures, religious artifacts, mosaics, pillars, etc. (Boev et al, 2008). 
Many of these sculptures at the Stobi site show signs of intense surface degradation of the marble as a 
result of anthropogenic factors such as air humidity, temperature changes, air pollution with PM-10 
particles, saline solutions, aggression of microbiological communities etc. (Bulakh, 2005; Vlasov and 
Frank-Kamenetskaya, 2006). Monitoring of the Stobi site involved setting up an ambient air 
monitoring station and collecting ambient air samples (Frank-Kamenetskaya et al., 2003, 2005; 
Lepeshkina et al., 2005). The results show the presence of gypsum in the samples taken from ambient 
air and this in turn imposes the need for the protection of marble statues in Stobi. It should be 
mentioned that, as a consequence of the interaction of PM-10 particles from ambient air with 
sculptures made of marble or limestone, a patina appears (surface erosion and forming of thick black 
crusts, the presence of biological films, stone detachment, microkarst, alveolar weathering and others) 
(Camuffo et al., 1983; Garcia-Vallès et al., 1998; Feely et al., 2000; Maravelaki-Kalaitzaki, 2005; 
Gross et al., 2006; Siegesmund et al., 2007; Kramar and Mirtič, 2008).  
This paper presents the examinations of the PM-10 particles composition from ambient air at 
the locality Stobi with special reference to the presence of gypsum / anhydrite mineral forms. 
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Monitoring at sites is performed in full compliance with the requirements of MKS EN 12341: 
2014 Ambient air - Standard method of gravimetric measurement for determination of  PM-10 or PM 
2.5 mass fraction from suspended solid particles, and the results are compared with the Regulation on 
boundary values for levels and types of pollutants in ambient air and alert thresholds, deadlines for 
reaching threshold values, tolerance margins for threshold value, target values and long-term goals  
(Official Gazette of RM No. 50/05 and No.183/2017) (Fig. 2). 
 
 
Fig. 2. Ambient air station installed on the archeological site Stobi 
 
Determination of the PM-10 particles mineral composition was made using the method of 
electronic microanalysis (SEM). 
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ВЛИЈАНИЕ НА ГИПСОТ ОД ДЕПОНИЈАТА ЗГРОПОЛЦИ 
(ХЕМИСКА ИНДУСТРИЈА-ХИВ-ВЕЛЕС) ВРЗ СКУЛПТУРИТЕ ОД 
АРХЕОЛОШКИОТ ЛОКАЛИТЕТ СТОБИ, СЕВЕРНА МАКЕДОНИЈА
Scanning electron microscopy SEM analyses and electron micro-photographs were conducted 
using a VEGA3LMU scanning electron microscopy (SEM). The study utilized semi-quantitative 
analysis using internal standards. The standards used are as follows: O: SiO2; Na: albite; Mg: MgO; 
Al: Al2O3; Si: SiO2; P: GaP; Ca: wollastonite; Ti: Ti; Fe: Fe; Br: KBr.  
The samples were covered with gold before analysis in order to provide conductivity of the 
sample. 
 
3. Results and comments 
The station for determining the presence of PM-10 particles in ambient air at the locality Stobi 
was set up in June 2020 and a number of filters were collected for their further processing using the 
SEM method. The presence of PM-10 particles in the ambient air at the locality Stobi in the research 
period ranges from 15 to 20 micrograms per cubic meter (mmg/m3) (Fig. 3). Regarding the 
quantitative representation of PM-10 particles, it can be concluded that they are within permissible 
values of 50 mg/mg and that their impact on the cultural monuments at the Stobi locality should not 
be expected. However, when we enter the examinations of mineral forms present on the filters that 
have a concentration of PM-10 particles, which is in the allowed threshold values, we get a different 
picture of the possible impact of PM-10 particles on the sculptures made of marble or limestone at the 
Stobi locality.  
 
 
Fig. 3. Concentration of suspended particles (PM-10) at the Stobi site 
 
Examinations of PM-10 particles using the SEM-EDS method show the presence of gypsum / 
anhydrite in the composition of the particles. Elemental particle analysis shows the presence of CaO 
in the interval of 40.21 to 41.19% and the SO3 content in the range of 57.23 to 58.81%. (Table 1.). 
Morphological forms of gypsum / anhydride (Figs. 4, 5, 6, 7, 8, 9) indicate the fact that these particles 
are not all the result of their formation as aerosols in the interaction of acid rains, but that there are 
also particles brought from a nearby phosphorus gypsum landfill located near the village of Zgropolci 
at a distance about 5 km from the archeological locality Stobi. 
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ВЛИЈАНИЕ НА ГИПСОТ ОД ДЕПОНИЈАТА ЗГРОПОЛЦИ 
(ХЕМИСКА ИНДУСТРИЈА-ХИВ-ВЕЛЕС) ВРЗ СКУЛПТУРИТЕ ОД 
АРХЕОЛОШКИОТ ЛОКАЛИТЕТ СТОБИ, СЕВЕРНА МАКЕДОНИЈА
Table 1. Chemical composition of gypsum/anhydrite from ambient air on the Stoby locality 
 
Elements CaO SO3 
Sample 
a 1 40.21 58.81 
2 40.33 58.21 
b 1 40.11 39.89 
2 59.00 59.85 
c 1 39.72 60.01 
2 38.92 61.02 
d 1 41.19 57.23 
2 40.05 58.91 
e 1 40.77 39.56 
2 58.99 60.01 
f 1 39.32 59.79 





Acid precipitation affects the stone, primarily in two ways: dissolution and modification. When 
sulfuric, and nitric acids in polluted air react with the calcite in marble and limestone, the calcite 
dissolves. Rough surfaces, removed material, and loss of carved details can be seen in the exposed 
parts of buildings and monuments. The stone material can be completely removed on the surface or 
only on the parts that are in greater reaction. 
Gypsum is soluble in water; although it can form anywhere on stone surfaces exposed to gas, 
sulfur dioxide (SO2) is usually washed away. It remains only on the protected areas that are not 
directly washed away by rain. Gypsum is white, but the crystals form nets that trap dirt particles and 
pollutants, so the crust looks black. Over time, the black crust cracks and breaks, revealing the 
decaying stone beneath. 
The occurrence of gypsum / anhydrite in PM-10 particles at the archeological site Stobi is a 
clear direction in terms of protecting sculptures made of marble and limestone at this site and, on the 
other hand, it indicates the fact of solving the problems related to the landfill for phosphorus gypsum 
in the vicinity of the village Zgropolci (HIV-Veles). 
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